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ABSTRACT: 

PURPOSE: To make uniform levitating motion of particles in a 
fluidized chamber, 

improve thermal efficiency and permit the slanted mounting of a 
main body by 

providing partitioning plates, arranged orthogonally to the 
passing direction 

of air and defining the title heat exchanger into the fluidized 
chambers 

laminated in up-and-down direction. 

CONSTITUTION: An evaporator 100 is provided in a ventilating duct 
13. A space 

between dispersion preventing plates 103, 104 is divided by 
partitioning plates 

105, 106 to form a plurality of fluidized chambers 107. 
Particles 102 effect 

levitating motions in only respective independent fluidized 
chambers 107. 

Accordingly, the particles will never be collected and stagnated 
below the 

evaporator 100. Refrigerant flows into a tube 101 and heat 
exchange between 

air and the outer wall of the tube 101 is effected. A guide 
plate 104 provides 

a narrow guiding passage near the center of a heat exchanger, 
whereat an air 

speed is high, and provides a wide guiding passage at a part 
whereat the air 

speed is low. The particles perform uniform levitating motions 
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in such a 

manner whereby the main body of the heat exchanger may be mounted 
slantedly and 

heat exchanging efficiency may be improved. 
COPYRIGHT: (C) 1990, JPO&Japio 
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Claims 

1 . A fluidized-bed heat exchanger characterized in that it is equipped with a case which 
forms the outside shape of the fluidized-bed heat exchanger while being provided with an opening 
on one side to introduce air and an opening on the other side to exhaust the air introduced, 

multiple tubes provided in said case in order for a fluidized-body from which heat is 
exchanged to flow therein, 

multiple particles placed at the periphery of the aforementioned tubes within the 
aforementioned case, and 

partitioning plates which extends from one side to the other of the aforementioned case 
within the aforementioned case 



i 
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while being arranged perpendicularly to the direction the aforementioned air passes so as 
to partition vertically layered flow chambers within the aforementioned case. 

2. The fluidized-bed heat exchanger described under Claim 1 characterized in that more 
particles are sealed in those flow chambers positioned in the center of the aforementioned case 
than in those flow chambers positioned on the inner walls of the aforementioned case. 

3. The fluidized-bed heat exchanger described under Claim 1 characterized in that it is 
equipped with a guiding member which is provided on the upstream side of one of the 
aforementioned sides in terms of the aforementioned air flow so as to form a path for guiding a 
uniform amount of air into the aforementioned respective flow chambers. 

4. The fluidized-bed heat exchanger described under Claim 1 5 2, or 3 characterized in that 
a part of the aforementioned case is configured with a duct part used to introduce the air to the 
aforementioned fluidized-bed heat exchanger. 

5. The fluidized-bed heat exchanger described under Claim 1, 2, 3, or 4 characterized in 
that the two sides of the aforementioned case are made of net-like members with multiple 
openings. 

6. The fluidized-bed heat exchanger described under Claim 1 , 2, 3, 4, or 5 characterized in 
that the aforementioned flow chambers are layered at a prescribed angle with respect to the 
direction of gravity. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a fluidized-bed heat exchanger. It is particularly effective 
when used for an evaporator of an automobile air conditioning device. 

Prior art 

Conventional heat exchangers utilizing a fluidized-bed take advantage of the characteristic 
that particles moved as they are suspended by air pressure and dropped by gravity. That is, they 
can be utilized most efficiently in an air stream in the vertical direction. 

Therefore, in most fluidized-bed heat exchangers, air is supplied from below and 
exhausted upward (Japanese Kokai Patent Application Nos. Sho 59[1984]-4888, Sho 
60[1985]-1 14696, Sho 62[1987]-33290, and so forth). 

In the case of a vehicle, due to restrictions in terms of installation space and position, the 
vertical air stream is often unsuitable. Thus, as shown in Figure 8, air supplied from a horizontal 
direction (arrow A) needs to be converted into a vertical air stream before it is put through the 
fluidized-bed heat exchanger and then back to a air stream in the horizontal direction. 
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Problems to be solved by the invention 

However, because the air flow inside of duct 13 was not in one direction only, and the air 
passed through fluidized-bed heat exchanger 100 after it collided with the duct, the 
aforementioned configuration had a problem that the particles had difficulty becoming airborne 
due to high ventilation resistance of the air. 

In addition, as shown in Figure 9, when fluidized-bed heat exchanger 100 was installed 
tilted, particles 102 stagnate at the bottom of fluidized-bed heat exchanger 100, so that a bed is 
created where hardly any particles 100 [sic; 102] become airborne at the upper part of 
fluidized-bed heat exchanger 100 even when the air passes through there. 

That is, in the case of the conventional fluidized-bed heat exchanger, when the 
fluidized-bed heat exchanger is attached tilted to a vehicle, for example, the particles do not 
become airborne uniformly, resulting in a problem of insufficient heat exchange. 

Accordingly, the purpose of the present invention is to present a fluidized-bed heat 
exchanger by which the particles can become airborne uniformly in response to a horizontal air 
flow in order to improve the heat exchange efficiency while achieving excellent mountability to a 
vehicle. 

Means to solve the problems 

In the present invention, [the space] between the two sides of a case which forms a 
fluidized-bed heat exchanger is partitioned using partitioning plates, and flow chambers which are 
layered vertically and arranged perpendicularly to the direction air flows are formed in the 
aforementioned case. 

More particles are sealed in the flow chambers positioned in the center of the 
aforementioned case than in those flow chambers positioned on the inner walls of the 
aforementioned case. 

In addition, it is equipped with a guiding member which is provided on the upstream side 
of one of the aforementioned sides of the case in terms of the air flow so as to form a path for 
guiding a uniform amount of air into the aforementioned respective flow chambers. 

A part of the aforementioned case is configured with a duct part used to introduce the au- 
to the aforementioned fluidized-bed heat exchanger. 

Furthermore, the two sides of the aforementioned case are made of net-like members with 
multiple openings. 

The aforementioned flow chambers are layered at a prescribed angle with respect to the 
direction of gravity. 
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Operation 

Because the particles are sealed in the respective flow chambers partitioned by partitioning 
plates, local stagnation of the particle never takes place, and the particles become airborne and 
move uniformly within the respective flow chambers. 

In addition, because more particles are sealed in those flow chambers with a relatively high 
air flow velocity, and slightly fewer particles are sealed in those flow chambers with a relatively 
low air flow velocity, the particles become airborne even more uniformly in the respective flow 
chambers. 

In addition, because the guiding member is provided on the upstream side of one side of 
the case in terms of the air flow to form an air guiding path to send a uniform amount of air to the 
respective flow chambers, air flow velocity distribution of the air which passes through the 
respective flow chambers becomes uniform, so that the particles become airborne uniformly in the 
respective flow chambers. 

Effect of the invention 

Because the particles move uniformly in the respective flow chambers while they are 
suspended in the air in the manner described above, the main body of fluidized-bed heat exchanger 
can be attached tilted, and the heat exchange efficiency is also improved. 

Furthermore, there are no problems with vehicles with restrictions in terms of installation 
space and position, offering excellent vehicle mountability. 

Application examples 

An application example of the fluidized-bed heat exchanger of the present invention will 
be explained below based on figures. 

As shown in Figure 4, blower 10 for introducing air is provided in blower case 1 1 . Blower 
case 1 1 is provided with outside-air introduction opening 1 la and inside-air introduction opening 
1 lb. Furthermore, inside/outside-air switching damper 12 is provided in such a manner that it can 
be pivoted. 

Ventilation duct 13 is connected to an opening part created on one side of blower case 1 1 . 
Then, fluidized-bed heat exchanger (will be referred to as an evaporator hereinafter) 100 is 
provided in said ventilation duct 13. Furthermore, a heater core (not illustrated) and an air-mixing 
damper (not illustrated) are provided in ventilation duct 13 in order to regulate the air 
temperature. 

Then, the other end of the ventilation duct is connected to the vents used to send the air 
into the interior of the vehicle. As shown in Figures 1 and 2, evaporator 100 is provided inside of 
ventilation duct 13. 
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Evaporator 100 is attached at a tilt of 9 = 20-60°C [sic; 60°] or so with respect to the 
direction the main stream of the air flows (arrow F) in the horizontal direction in consideration of 
the installation of evaporator 100 and the flow of the air. 

Configuration of evaporator 100 will be shown below. 

Flat tubes 101 for letting a coolant flow therein are provided in multiple parallel rows and 
in multiple stages. Then, these tubes 101 run through ventilation duct 13, and the respective tubes 
are connected to each other outside of the ventilation duct. 

Particles 102 with a diameter of 0, 1-1 mm or so made of polystyrene or AI2O3 are sealed 
between said tubes 101. Then, first aluminum net-like scattering prevention plate 103 placed at 
the upstream side of tubes 101 so as to prevent particles 102 from scattering and falling and 
second aluminum net-like scattering prevention plate 104 placed at the downstream side of tubes 
101 so as to prevent particles 102 from scattering are provided, and they are connected to 
ventilation duct 13 in such a manner that they surround tubes 101. Here, the case is configured 
with first scattering prevention plate 103, second scattering prevention plate 104, and ventilation 
duct 13. 

Furthermore, aluminum flat partition plates 105 are brazed to first scattering prevention 
plate 103 by one end while being brazed to lower parts 101b of tubes 101 in the upper stage in the 
figure by the other end, and aluminum flat partition plates 106 are brazed to second scattering 
prevention plate 104 by one end while being brazed to upper parts 101a of tubes 101 in the upper 
stage in the figure by the other end. 

[The space] between first scattering prevention plate 103 and second scattering prevention 
plate 104 is partitioned by partition plates 105 and 106 so as to form multiple flow chambers 107. 
Said flow chambers 107 are formed as independent chambers, almost the same amount of 
particles 102 are sealed in each flow chamber 107, and particles 102 become airborne and move 
only inside of each independent flow chamber 107. Thus, particles 102 are never gathered to 
become stagnant at the bottom part of evaporator 100. 

Furthermore, the height of particle 102 layer is 3 mm or more from fall prevention plate 
104 when evaporator 100 is tilted in order for the particles to become airborne and move actively 
so as to achieve good heat exchange efficiency. In addition, the respective partition plates are 
provided at an interval 10 times as great as or greater than the diameter of particles 102 from one 
another in order for the particles to flow evenly. 

In addition, as shown in Figure 3, first scattering prevention plate 103 and second 
scattering prevention plate 104 are inserted into fixation grooves 13a with a rectangular cross 
section provided on the inner periphery of ventilation duct 13. Then, first scattering prevention 
plate 103 and second scattering prevention plate 104 are connected and fixed to ventilation duct 
13 by inserting bolts not illustrated inserted from protrusion parts 13b. 



Next, its operation will be explained. 

Once blower 10 begins operating, either [the interior] air is circulated, or outside air is 
introduced, and the interior air or the outside air goes through evaporator 100. 

At this time, a coolant flows inside of tubes 101, and particles 102 flow inside of 
respective flow chambers 107, and the air and the outer walls of tubes 101 exchange heat. 
Furthermore, particles 102 collide with the outer walls of tubes 101 as particles 102 flow, and 
particles 102 and the outer walls of tubes 101 exchange heat. The heat exchange is further 
promoted as particles 102 break the temperature boundary layer between the air and the tubes 
101 . Then, the air being cooled as it passes through evaporator 100 is regulated to an appropriate 
temperature and introduced in the interior of the car. 

Data on a comparison of the air flow velocities and the amounts of heat exchanged when a 
single-phase flow evaporator without particles 102, an evaporator with particles 102 but without 
any partition plates, and one with the partition plates are shown in Figure 5. 

When partitioning plates 105 and 106 are involved, while the amount of heat exchanged is 
reduced once the air flow velocity exceeds 1 m/s, the amount of heat exchanges 2 to 3 times as 
much can be attained near the normal optimum air flow velocity of 1 m/s in comparison not only 
with the single phase flow but also with the case involving partition plates 105 and 106. 

In addition, when partition plates 105 and 106 are provided, warpage of first scattering 
prevention plate 103 and second scattering prevention plate 104 can be prevented. 

Next, another application example will be explained. 

In order to allow particles 102 to flow even more uniformly, as shown in Figure 6, in 
consideration of air flow velocity distribution (arrow W in the figure indicates the relative velocity 
of the air), the amount of the particles put in flow chambers 107a provided in the center where the 
air flow velocity is relatively low is increased over the amount of the particles put in flow 
chambers 107b provided on the side of the inner wall of ventilation duct 13 where the air flow 
velocity is relatively low. 

Here, because the amount of the particles to be seal in respective flow chambers 107 is 
changed according to the difference in the air flow velocity, particles 102 in respective flow 
chambers 107 flow even more evenly. 

That is, the heat exchange efficiency of evaporator 100 is improved, and the air which 
passes through evaporator 100 is cooled uniformly. 

Other configurations and the operation are identical to those of the application example. 

In addition, in order to achieve uniform flow of particles 102, as shown in Figure 7, 
guiding plates 14, that is, flat plate-like aluminum guiding members, are connected through 
brazing just below partition plates 105 on the upstream side of first scattering prevention plates 
103 via first scattering prevention plates 103. 
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Said guiding plates 14 form narrow air guiding path B between respective guiding plates 
14 at a position near the center where the air flow velocity is relatively low, and wide air guiding 
path A between ventilation duct 13 and guiding plate 14 at a position near ventilation duct 13 
where the air flow velocity is relatively low. 

Thus, almost the same amount of air flow can be supplied to respective flow chambers 107, 
and particles 102 flow uniformly in respective flow chambers 107. That is, the heat exchange 
efficiency of evaporator is improved, and the air which passes through evaporator 100 is cooled 
uniformly. 

Other configurations and the operation are identical to those of the application example. 
Furthermore, although the fluidized-bed heat exchanger was utilized for an evaporator in 
the present invention, it can be utilized also for a radiator, a heater core, and so forth. 

Brief description of the figures 

Figure 1 is a cross-sectional view of the fluidized-bed heat exchanger of an application 
example of the present invention. Figure 2 is a cross-sectional view of Figure 1 along the II-II line. 
Figure 3 is an expanded view showing the part where the first member and the second member are 
connected. Figure 4 is a diagram showing the flow condition of the fluidized-bed heat exchanger 
of a conventional example. Figure 5 is a air flow velocity-heat exchange amount linear diagram 
showing the air flow velocity-heat exchange amount relationship between the application example 
of the present invention and a conventional example. Figure 6 is a cross-sectional view of the 
fluidized-bed heat exchanger of another application example of the present invention. Figure 7 is a 
cross-sectional view of the fluidized-bed heat exchanger of yet another application example of the 
present invention. Figure 8 is a schematic diagram showing an automobile air conditioning system 
which utilizes the conventional example. Figure 9 is a diagram showing the flow condition of the 
fluidized-bed heat exchanger of the conventional example. 

13 ... duct; 14 ... guiding member; 100 ... fluidized-bed heat exchanger; 101 ... tube; 
102 ... particle; 104 [sic; 103] ... one side; 104 ... the other side; 105, 106 ... partition plate; and 
107 flow chamber. 
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Figure 1 

Legend: 13 Duct (case) 

1 00 Fluidized-bed heat exchanger 

101 Tube 

102 Particle 

103 One side (case) 

104 The other side 

105, 106 Partition plate 
107 Flow chamber 
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Figure 3 
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Figure 5 





Key: 1 Amount of heat exchanged 

2 Partition plate present 

3 Partition plate absent 

4 Single-phase flow 

5 Air flow velocity 




Figure 9 



